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Abstract 
 
This work presents the results of ultrasonic evaluation of the microstructure of spheroidal cast iron manufactured under production condi-
tions at the foundry of Metal Odlew Sp.J. Evaluation of ultrasonic control index sensitiveness to changes of graphite shape index Ss of 
spheroidal cast iron (type 500-7), utilized modelled stepped castings. The relationship was determined between the shape index of graphite 
precipitation Ss and the velocity of longitudinal ultrasonic wave cL. 
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1. Introduction 
 
The foundry of METAL-ODLEW is used to manufacture grey 
and spheroidal cast iron. The castings manufactured by METAL-
ODLEW Sp.J. are required not only to have appropriate material 
density but also to have high spheroidisation of graphite precipita-
tion, with a complex microstructure. Because magnesium losses 
also takes place in alloys cast into the mould, various degrees of 
graphite spheroidisation should be expected within the same 
casting. Thus spheroidisation should be assessed within the area 
of model stepped castings of step thicknesses selected so that they 
represent the thicknesses of walls of castings manufactured in the 
foundry (15mm - 70mm). 
The assessment on each wall of the graphite precipitation 
morphology and the velocity of longitudinal ultrasound wave 
should allow the determination of the influence of wall thickness 
on spheroidisation. If we establish, for a particular foundry, the 
relations between the graphite shape index and the longitudinal 
ultrasound wave velocity, we will be able to non-destructively 
diagnose the quality of castings. 
 
 
2. Experimental conditions 
 
The spheroidal cast iron castings manufactured in the foundry 
of METAL-ODLEW are characterised by diverse wall thick-
nesses, of between 15 and 70 mm. To determine the influence of 
wall thickness on the microstructure, tests were conducted on 
model stepped castings. Taking into account the above diversity, 
each stepped casting had five steps, 15 mm, 25 mm, 35 mm, 50 mm and 70 mm thick. The steps were 150 mm wide and 90 mm 
long. To prepare for the test, it was necessary to incorporate cast-
ing instrumentation to help us in producing moulds for the cast-
ings. The model cast moulds were poured after the process of cast 
iron spheroidisation and modification was finished. 
Tests were conducted in the conditions of the foundry of 
METAL ODLEW, on the cast iron of the following composition: 
3.5-3.8% C, 2.5-2.8% Si, 0.40% Mn, 0.07% P maximum, 0.023% 
S, 0.2-0.3% Cu maximum, 0.06% Cr maximum, 0.035-0.080% 
Mg. In the foundry, an electrical inductive furnace of mains fre-
quency PIT 1.6 was used to produce the initial cast iron necessary 
for the spheroidal cast iron production. The liquid metal was 
poured from the furnace into a pre-heated tundish. From the tun-
dish, metal was poured out into a pre-heated KOZ-Q-2Mg ladle, 
fitted with a lid. Before placing the lid, spheoidising master alloy 
FeSiMg9 was introduced onto the ladle bottom. 
Using the prepared casting instrumentation, model moulds for 
stepped castings of 15mm, 25mm, 35mm, 50mm and 70mm walls 
were prepared. The castings were made of four cast iron melts. 
The forms were poured with liquid alloy, 10 minutes after the 
spheroidisation and modification process. Example model ca-
stings are presented in Figure 1. 
 
 
 
Fig. 1 Example model stepped castings 
 
Tests of the influence of the ultrasonic control index were 
conducted on model stepped castings, at the points indicated in 
Figure 2. 
Echometer 1073 VS kit for ultrasonic measurements and a 
10.4/6 PB4 head were used for the tests (Fig. 3). 
 
 
Fig. 2 Places of measurement of longitudinal ultrasonic wave 
velocity 
Measurements of longitudinal ultrasound wave velocity were 
conducted on the castings in the same areas from which material 
for microstructure assessment was later taken (Fig.4). To elimi-
nate any interaction with casting surface roughness, in order to 
obtain high measurement accuracy, the step surfaces were milled 
and ground. Because the longitudinal ultrasound wave velocity 
measurement concerns the thickness of a wall with   
a gradient structure, for working out the relationship between the 
longitudinal ultrasound wave velocity and the graphite precipita-
tion shape index, it was necessary to obtain the average shape 
index. It was assumed that an average graphite precipitation shape 
index could be used on the basis of its value in the near-surface 
zone and in the middle of the wall. 
 
 
Fig. 3. Ultrasonic measurement kit Echometer 1073 VS 
 
Samples for metallographic tests were taken from the step 
castings to create a map of the microstructure. The sample loca-
tions are shown in figure 4. From these locations (A, B, C), 5x5x5 
mm samples were removed. 
Taking into account the gradient microstructure of the casting, 
samples were taken from the near-surface zone and from the 
middle of the wall. The samples were used to prepare metal-
lographic specimens. The microstructure was examined using 
non-etched polished sections with a Neophot 2 microscope fitted 
with a VIDEOTRONIC CC20P and using MultiScan v. 08 for 
advanced system image input and analysis. 
Quantitative structural analysis concerned the assessment of 
the graphite precipitation shape index. The shape index was de-
termined from the formula: 
 
2 O
P
SS =   (1)
 
where: P - graphite precipitation area, O - graphite precipitation 
perimeter. 
 
For each sample, 600 graphite precipitations from 10 ran-
domly selected fields were analysed. The measurement utilised 
particles larger than 10 μm, at fields of 0.15 mm
2 surface area for 
each sample. 
  
 
Fig. 4. Locations where samples were taken for metallographic 
tests from the model stepped casting. 
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  Example microstructures of model stepped casting in the 
15 mm and 70 mm wall are shown in Figures 5 and 6.   
a) b) 
A A 
   
B B 
   
C C 
   
Fig. 5.  Example microstructures of model stepped casting in the 15 mm wall, at A, B and C points (acc. to the scheme presented in Fig. 4). 
Material of the near-surface zone – a). Material from the middle of the wall – b). Magnification x100 
 
a) b) 
A A 
   
B B 
   
C C 
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Fig. 6.  Example microstructures of model stepped casting in the 70 mm wall, at A, B and C points (acc. to the scheme presented in Fig. 4). 
Material of the near-surface zone – a). Material from the middle of the wall – b). Magnification x100 
Results of the quantitative structural analysis of the model stepped casting are presented in Table 1. A graphical representation of 
the results is presented in Figures 7 and 8. 
 
Table 1.  
The graphite precipitation shape index SS in model stepped casting – Melts I-IV 
Graphite precipitation shape index SS
Item 
Wall 
thickness, 
mm 
Point of 
meas-
urement 
Melt 1 – near-
surface zone 
Melt I – middle 
of the wall 
thickness 
Melt 1I – near-
surface zone 
Melt II – 
middle of the 
wall thickness 
Melt 1II – near-
surface zone 
Melt III – 
middle of the 
wall thickness 
Melt 1V – near-
surface zone 
Melt IV – 
middle of the 
wall thickness 
1 A  0,078 0,076 0,075 0,075 0,080 0,077 0,079 0,076 
2 B  0,077 0,075 0,074 0,073 0,079 0,076 0,078 0,075 
3 
15 
C  0,077 0,074 0,073 0,072 0,077 0,075 0,077 0,074 
4 A  0,076 0,072 0,071 0,070 0,076 0,074 0,076 0,073 
5 B  0,075 0,073 0,071 0,069 0,075 0,072 0,075 0,072 
6 
25 
C  0,075 0,072 0,070 0,068 0,074 0,071 0,074 0,071 
7 A  0,073 0,071 0,069 0,067 0,073 0,071 0,073 0,070 
8 B  0,072 0,070 0,068 0,065 0,072 0,069 0,072 0,069 
9 
35 
C  0,072 0,069 0,067 0,063 0,071 0,067 0,071 0,068 
10 A  0,071 0,068 0,066 0,062 0,069 0,068 0,070 0,067 
11 B  0,070 0,067 0,065 0,061 0,068 0,066 0,069 0,065 
12 
50 
C  0,069 0,066 0,064 0,060 0,068 0,065 0,067 0,064 
13 A  0,067 0,065 0,062 0,059 0,066 0,063 0,066 0,063 
14 B  0,066 0,064 0,062 0,058 0,066 0,063 0,065 0,062 
15 
70 
C  0,065 0,060 0,060 0,056 0,065 0,062 0,064 0,062 
 
 
Fig. 7. The graphite precipitation shape index in the near-surface zone, depending on the step thickness 
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Fig. 8. The graphite precipitation shape index in the middle of the wall, depending on the step thickness 
Results of measurement of longitudinal ultrasonic wave velocity are presented in Table 2. 
 
Table 2.  
The longitudinal ultrasound wave velocity and averaging graphite precipitation shape index in model stepped casting – Melts I-IV 
Longitudinal ultrasound wave velocity,  
cL, m/s 
Averaging shape index  
of graphite precipitation SS Item 
Wall 
thickness, 
mm 
Point of 
meas-
urement  Melt I  Melt II  Melt III  Melt IV  Melt I  Melt II  Melt III  Melt IV 
1 A  5652 5640 5661 5653 0,077  0,075  0,078  0,078 
2 B  5647 5627 5657 5650 0,076  0,074  0,077  0,077 
3 
15 
C  5640 5619 5651 5641 0,075  0,072  0,076  0,075 
4 A  5630 5608 5644 5629 0,074  0,071  0,075  0,075 
5 B  5625 5604 5633 5621 0,074  0,070  0,074  0,073 
6 
25 
C  5619 5599 5623 5614 0,073  0,069  0,072  0,073 
7 A  5611 5592 5619 5609 0,072  0,068  0,072  0,071 
8 B  5609 5589 5611 5602 0,071  0,066  0,071  0,070 
9 
35 
C  5604 5583 5603 5599 0,071  0,065  0,069  0,070 
10 A  5598 5578 5598 5594 0,069  0,064  0,068  0,068 
11 B  5593 5573 5592 5590 0,068  0,063  0,067  0,067 
12 
50 
C  5588 5569 5588 5584 0,067  0,062  0,066  0,065 
13 A  5582 5567 5583 5583 0,066  0,061  0,065  0,065 
14 B  5579 5566 5581 5579 0,065  0,060  0,064  0,064 
15 
70 
C  5575 5563 5579 5578 0,064  0,058  0,063  0,063 
 
 
The results are presented graphically in Fig. 9. 
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Fig. 9. Influence of the graphite precipitation shape index on the longitudinal ultrasound wave velocities 
 
 
What must be taken into account during the analysis is that 
changes in the wall thickness are accompanied not only by a 
change of the graphite precipitation shape index but also by a 
change of metallic matrix (volume fraction, structural parameter 
λE, or the size of ferrite grains), which also influences the longitu-
dinal ultrasound wave velocity [1]. 
 
 
4. Conclusions 
 
The results indicate that wall thickness influences the graphite 
precipitation shape index and creation of gradient structure in the 
model stepped casting. 
The highest graphite precipitation shape index is characteristic 
for a thin wall (15 mm). This results from quicker cooling (crys-
tallisation) and higher magnesium content. Analysis of chemical 
composition of the samples cut off the thick and the thin walls 
indicates that the magnesium content in the thick wall has 0.014% 
less Mg. The diversified magnesium content found may be ex-
plained by the longer period of metal solidification in a thick wall, 
which is accompanied by greater magnesium evaporation. 
The information obtained should be used for the conscious 
planning of spheroidal cast iron casting of diverse wall thick-
nesses, according to the assumed functional properties. This is 
important for negotiations between the castings manufacturer and 
the client, for setting the acceptance conditions on account of 
microstructure and thus, for the functional properties of the prod-
uct. 
The results indicate that with an increase of the graphite pre-
cipitation shape index, the longitudinal ultrasound wave velocity 
increases as well. High values of statistical tests of the depend-
ence obtained prove it is highly useful in industrial practice. 
This dependence will be used for non-destructive control of 
the graphite precipitation shape index in the castings. Such meas-
urement should be made on those casting walls indicated by the 
client, but the wall must be plano-parallel, accessible from both 
sides. 
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